Using AdS/CFT prescription, we compute two point Yang-Mills correlator on a constant time slice for the Kasner background. Pushing the surface close to the initial singularity, we find, in some cases, the correlator does not develop pole. This is consistent with the observations made in a recent work. We further numerically calculate similar correlator where the bulk is a Kasner AdS soliton. We find that the qualitative behaviour of the correlator remains unchanged.
Introduction
AdS/CFT correspondence relates string theory in AdS space to a supersymmetric SU (N ) YangMills theory living on the boundary of this AdS. The isometry group of the AdS orders the boundary field theory to be conformal. The correspondence can be summarized through the relation :
Scaling Solutions
Several time-dependent solutions of five-dimensional Einstein equations in the presence of negative cosmological constant are known which have anisotropic scaling symmetry of the form z → λz, t → λt, x i → λ (1−p i ) x i (i = 1, 2..., n),
where p i 's and λ are some constants. Here are some of the examples:
• The most celebrated example of this comes in the form
where a i = t p i are known as Kasner exponents and satisfies the Kasner conditions, namely, n i=1 p i = 1 and n i=1 p 2 i = 1 in order that (3) is a AdS n+2 space-time. For n = 3 and n = 5 these solutions can also be realized from the perspective of 10 and 11 dimensional supergravity theories as near horizon D3 and M 5 brane solutions with Kasner like world volume. Such solutions and their cosmological implications have been studied in detail in [6] .
• One of the Kasner conditions can however be relaxed at the expense of introducing matter fields. For instance, there exist AdS solutions with the same metric (3) with p i = 1. For that one needs to introduce a dilatonic scalar field, Φ = λ Log t, where λ is defined through the modified Kasner condition,
2 . Such solutions were studied in [8] in the context of probing cosmological singularity through gauge theory duals. These solutions have the scaling symmetry as long as dilaton is shifted by a appropriate constant.
• Finally we shall give example of another class of solutions which has slightly different form than (3) but still obeys the scaling relations, (2) . The metric of the solution takes the form
Here p i 's satisfy Kasner conditions with p n = 0 and f (z) = 1 −
. The coordinate, x n is an angular coordinate here. These solutions are known as Kasner AdS n+2 solitons [9, 10] and can be realized in supergravity (for n = 5, 7). We put the supergravity origin of these solutions in the appendix as this is beyond the main point of discussion of this work.
Gauge Theory on Time-Dependent Boundary : Consequences
We now turn to the dual gauge theory. As mentioned in the introduction, one of the prime motivations of studying time-dependent AdS geometries have been to understand the physics near cosmological singularity, t → 0, a sector, otherwise intractable from a direct study. In order to proceed, one generally computes the space-like two point correlator, ψ|O(x, t)O(x , t)|ψ on a state |ψ of the strongly coupled Yang-Mills theory residing on the boundary of some of the bulk geometries we discussed in the previous section. When the boundary CFT has a well defined large N limit, the correlator, in the leading order, can be well approximated by
provided the operator, O has a high scale dimension, ∆ =
being the boundary dimension. Here L reg is the regularized length of the geodesic whose end points are fixed at boundary points, x and x . With this definition in mind, in the rest of this section we shall compute two examples. First we shall revisit the example of Kasner AdS space-time and then we shall move on to solitonic Kasner -AdS . We will show how some generic features of the result emerge as a consequence of the underlying scaling symmetry of those solutions.
Example 1 : AdS -Kasner
We would like to compute O(x 1 , t 0 )O(x 1 , t 0 ) where the bulk geometry is given by (3) with a i = t p i . This is a correlator along x 1 direction with two boundary points at x 1 , x 1 computed at a fixed time t = t 0 . Corresponding space-like geodesic must then have two fixed end points x 1 , x 1 at the boundary z = 0 at time t = t 0 . For this particular calculation, therefore, the other boundary directions x i , i = 1 are irrelevant. For the moment, we work with a general scale factor a 1 (t) along x 1 . Later, we will use the explicit form a 1 = t 2p 1 for p 1 > 0.
Calling x 1 as x and a 1 as a for notational simplicity, the geodesic equations for (3) are given by
Here, we have taken time as a parameter and derivatives are with respect to time. General solutions of these equations can be written as
and
To write (7) in this form, we have used the fact that there is a turning point of the geodesic in the bulk and at that point dx/dt diverges. For the solution above, we have taken the point to be t = t * . Given a functional form for a(t), one would then try to integrate the left hand sides of the above equations. In this process, three integration constants would appear. However, all of these can be fixed by boundary conditions. The constant appearing from (7) can be set to zero by using x → x + constant symmetry of the metric. Other two constants arise from the two integrations in (8) . Both of them can be fixed -(1) by demanding dz/dx = 0 at the turning point of the geodesic in z − x plane and (2) by requiring z = 0 for t = t 0 .
We now argue that if the metric has the scaling symmetry (2), then the constant a(t * ) can be scaled away. Taking a(t) = t p and defining new coordinatesz,t andx as
we can re-write (7) and (8) asx
With this, (10) and (11) can be easily integrated. This gives, for generic p
andz
Here, c is a constant which can fixed usingz = 0 fort =t 0 . For some specific values of p, the solutions however simplify. 2 F 1 and 3 F 2 are the hypergeometric function and the generalized hypergeometric function respectively. Having reached this far, we proceed to find the geodesic length. For the correlator, O(x, t 0 )O(−x, t 0 ) , we first need to calculate the integral (5)
with appropriate limits. Now, as for the lower limit, the turning point of the geodesic is at t = t * . In terms of scaled time, it is att = 1. For the upper limit, we note that the correlator is being calculated at a constant t = t 0 slice. This, in terms of scaled variable, ist =t 0 . We further need to UV-regulate the integral by introducing a cut-off,δ. The geodesic length is therefore
In general, L is infinite. In order to render it finite, we need to subtract, from L, the equivalent AdS part. This removes theδ → 0 singularity in the geodesic length. Consequently, the regulated L will only depend ont 0 .
Above observation, in turn, means that the gauge theory correlator has the form
for some function f . For general p, we are unable to evaluate this function but for p = 1/3, it is easy to calculate. For completeness, we give the results here.
The geodesic length turn out to be
0 (2 +t .
Finally, to obtain the regularized length, we need to subtract appropriate AdS contribution. Therefore,
= log 4(4 −t 2 0 − 3t
Therefore, we find that f (t 0 ) goes to zero as we taket 0 → 0. The smooth behaviour of the two point correlator at this cosmological singularity for p > 0 is perhaps not so surprising in light of the work [7] . In this work, the correlator was computed on a fixed space-like surface. Taking p to be negative (specifically p = −1/4), it was possible find a geodesic the approach the bulk singularity before turning around. As a consequence, singularity appeared in the correlator. It was further commented that, for p > 0, geodesic did not approach the singularity and the pole, therefore, did not show up in the correlator. We do see this explicitly in our computation.
Having computed the correlator for p > 0, we proceed to make some general remarks about the correlator. First, let us notice that we can re-write (16) as
However, since t * is a free parameter, we are free to choose it. Let us take t * =t −1 0 . Then the correlator takes the form
Calling O(t
0x ) and so on we get,
Dependence on the arguments of correlator in this fashion is indeed expected in a scale invariant theory (See the discussion below equation (17) in [7] ). Note that for p > 0, as we push the spacelike surface close tot 0 = 0, the separation between the two points in the correlator increases. So we capture the large separation behaviour of the correlator. The second scaling solution of the previous section has similar metric but there is a non-trivial dilaton. Though this scalar goes to zero at t = 0, it diverges at a later time -leading to the divergence in Yang-Mills coupling. This however is not a concern for the third scaling solution. This is the Kasner-AdS soliton and we now try to compute the gauge theory correlator at the boundary of this background.
Example 2 : Kasner soliton in AdS
The AdS 7 Kasner soliton is given by
This is precisely the n = 5 case of (4). The details of derivation of this form is given in (54) of the appendix. As before, without any loss of generality, we can consider equal time correlators where the boundary points are separated only in x 1 direction. The geodesic equations are:
where for notational simplicity we have denoted x 1 as x, avoided the bars from the variables and also called α 1 as α. In the above equations, f (t) is a function of t. Now substituting f (t) from (24) into (25) and (26) we obtain: Equation (27) can be solved analytically. We substitute the solution in (28) and re-express the z-equation as a differential equation in x.
Unlike its counterpart in Kasner-AdS, this equation cannot be solved analytically. However we do find numerical solutions implementing the boundary conditions, namely,
• dz dx = 0 at the turning point, t = t * of the geodesic.
• z = 0 at t = t 0 .
Further, the geodesic length can be written as L = 2 9
Here x 0 is related to the fixed time-slice t 0 at the boundary through the solution of (27).
Coordinates in (30) and (31) are all scaled coordinates as per (9) so that the turning point is now at t = 1. δ is a sharp cut-off in x and signifies the UV cut-off near AdS boundary. The singularity δ = 0 can however be taken care of by subtracting from it the corresponding length in AdS with the same UV cut-off, δ, namely
In figure 1 , we plot e −Lreg as a function of t 0 where The results are plotted in figure 1 . The correlator qualitatively shows a behaviour similar to one we argued for the Kasner geometry. We see here that the function e −Lreg goes to zero smoothly as we tune t 0 → 0. The nature remains similar as we tune z 0 .
Finally, we note that in the context of AdS/CFT, it is also possible to construct geometry which breaks the underlying scaling symmetry. For example, one can consider [11] 
where, Σ represents a m dimensional hyperbolic manifold. The metric has cosmological singularities and, owing to the complicated time-dependence of a and b, it breaks the scaling symmetry.
It would be interesting to compute an appropriate boundary correlator for this geometry. We shall report about such scaling-violating cosmological solutions and their implications in a later issue [12] .
Solutions in D = 10
We first review the time-dependent solutions from 10D type IIB supergravity. We primarily concentrate on the Bosonic part of the theory, since for generic time-dependent solutions supersymmetry is explicitly broken. The equations of motion following from the relevant part of standard IIB supergravity action 1
has the forms:
• It was shown in [6] that these equations are solved by the following metric and gauge field configuration: 
Here, i, j, k, l, m are the indices on S 5 .
In the near horizon limit, r → 0, the metric reduces to 
We call it a Kasner-AdS 5 solution as we discussed under the class of solutions, (3) 2 .
• Kasner solutions sourced by scalar fields can also be realised, likewise, from the same supergravity set-up. The scalar field profile, however, in this case gets an interpretation of stiff matter on the brane configuration in question.
the metric in (44) further takes the form :
ds
In near horizon limit, the M5-Kasner soliton solution takes the form
